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Résumé 


The flexural strength of small beams of sea ice was measured using the flexural 
strength meter shown in Fig. 1. In this meter, the span of beam is 24cm. Supporting 
ends of beam A & B are moved vertically at constant speed by an electric motor; the 
speed can be regulated from 1x10-‘ to 2x10-'cm/sec by means of several gear wheels. 
The force applied to the beam is known from proving ring P. Strain gauge R is 
attached to the ring and the change of applied force with the lapse of time was recorded 
on the oscillograph. 

Several blocks of sea ice were removed from the ‘‘young sea ice” formed on the 
Okhotsk Sea coast of Hokkaido and then the small beams were sawed out by its wide 
plane horizontal. ‘The dimensions of a beam are 30~40 cm in length, about 5cm in width 
and about 2cm in thickness. The beams which were sawed out from the position of 
equal distance to the surface of the sea ice sheet were collected as one group. Such a 
group contains 20~30 beams; eleven (A~K) groups were tested. The beam is placed 
in the flexural strength meter so that the loading is normal to the ice sheet. 

At a given constant speed of A & B, the beam is moved upward until it is broken. 
The force exerted on the beam is recorded on the oscillograph. After 3~8 beams were 
tested at a certain speed, the speed was changed and again 3~8 beams were broken. 
By changing the rising speed of the beam, loading rate and therefore the rate of stress 
increase are also changed. All beams were kept in the thermostat at temperature of 
—3°C during 2~6 hours before the test was made. The flexural strength meter was 
also placed in another thermostat of —3°C. 

The maximum stress in the beam is represented as equation (1). The flexural 
strength 7, and the force applied at the moment of breakage F, are also estimated by 
this equation, where 6b is the width, h/ is the thickness and 7 is the length of span of 
beam. The deflection 6 at points C and D are represented as equation (2). In this 
measurement, the deflection 6 is the difference between the amount of rising of AB, 0’, 
and the contraction of ring P, aF. Therefore, equations (4) and (5) are easily obtained, 
where a is a constant which is equal to 2.91x10-*cm/kg. 

Prior to the measurement of the flexural strength, Young’s modulus & was.measured 
by the method of lateral vibration. Relation between F and density ¢ at —3°C is shown 
in Fig. 2. Young’s modulus decreases linearly with decreasing density. This relation is 
recognized as similar to that the author reported in a previous paper. 

The change of applied force / with the lapse of time during the test of flexural 
strength is recorded in the oscillograph. Some examples of oscillogram are shown in 
Fig. 3. In the upper three examples, F’ is decreasing with the lapse of time. In the 
lower one, F has a constant value of 6.3 kg/sec, and the beam’ seems to be deflected and 
broken like an elastic substance. ‘Therefore, using equation (5), one can obtain the flexural 
Young’s modulus &*. The pencil rubbings of lower surface of the beams after they 
have broken are shown in Fig. 4. The parallel black lines are the edge of ice plates. 
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“The failure always happened along the brine cells, that is parallel to the ice plates as 
Anderson has stated before. 

The flexural strength %, obtained in various rates of stress increas ¢ is shown in 
Fig. 5 (a). Fig. 5 (b) shows the percentage of the beams which were broken like an elastic 
substance at various ¢. When 4é lies between 2~5 kg/cm’/sec, the strength 7. shows a 
minimum value and with decreasing ¢ the beams break plastically and strength increases. 
When ¢ becomes larger than 4~6 kg/cm’/sec, all beams break like an elastic substance 
and the strength also increases. 

When 4 is less than 5 kg/cm’/sec (group A~H), the flexural Young’s modulus E* is 
almost a constant value. In the range of ¢ where it is larger than 3 kg/cm’/sec, (I, J, K), 
E* increases with the increase of ¢ (Fig. 8) and approaching to the Young’s modulus 
E obtained by the lateral vibration method. The relation between strain rate é and ¢ 
is seen in Fig. 9 and equation 7. The relations between the time T required for the 
break down of the beam and 4 is seen in Fig. 10 and equation 8. The maximum strain 
e when the beam has broken is represented as equation 9 and it decreases with the 
increase of ¢ because b+mn is always larger than unity. 

As is the case of the usual substances, also in the sea ice, flexural strength 2, 
increases with the increase of E*. It is seen in equation 10 and Fig. 11. In equation 
10, p and gq for the groups A~H, I, J and K are 6.9, 0; 3.2, 0.55; 5.22, 0.37; 11.1, 0.023, 
respectively. 

Flexural Young’s modulus E* is also a function of density (Fig. 12). The vertical 
distribution of 7,, E, E*, density and chlorinity are obtained as shown in Fig. 13. 
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